We conducted a meta-analysis of the iminodibenzyl antipsychotics carpipramine, clocapramine, and mosapramine, which are classified as second-generation antipsychotics (SGAs) for schizophrenia treatment. Methods: We searched data that had been published in PubMed, the Cochrane Library databases, PsycINFO, CiNii, and the Japan Medical Abstracts Society up to August 29, 2014. Randomized controlled trials that compared iminodibenzyl antipsychotics with other antipsychotics in patients with schizophrenia were included. Odds ratios and standardized mean differences were evaluated. Results: We included four randomized controlled trials on carpipramine (number of patients [n]=290), six on clocapramine (n=1,048), and five on mosapramine (n=986) in the meta-analysis. There were no significant differences in the response rates or in the discontinuation rates either between carpipramine and the other pooled antipsychotics or between clocapramine and the other pooled antipsychotics. On the Positive and Negative Syndrome Scale, mosapramine's positive subscale scores were superior to those of the other pooled antipsychotics (standard mean of difference =-0.22); however, on that same scale, there were no significant differences in total scores, negative scores, general subscale scores, response rates, or the discontinuation rates between mosapramine and the other pooled antipsychotics. Furthermore, the incidences of extrapyramidal symptoms and of hyperprolactinemia were significantly greater with mosapramine than with the other pooled antipsychotics. Conclusion: The pharmacological profiles of carpipramine and clocapramine, which are classified as SGAs, were similar to those of first-generation antipsychotics because there were no significant differences in efficacy and safety outcomes. However, mosapramine was associated with a greater risk of extrapyramidal symptoms and hyperprolactinemia than the other SGAs were, although it may be beneficial for the improvement of positive symptoms.
Introduction
A meta-analysis of carpipramine, clocapramine, and mosapramine, medications that have been classified in the iminodibenzyl class of antipsychotics 1, 2 for schizophrenia treatment, has not been reported. A meta-analysis is considered to present a higher level of evidence than individual trials. 3 Employing a meta-analysis can increase the statistical power for deducing treatment effects by correspondingly narrowing the confidence intervals. This, in turn, increases the precision of the effect size. A systematic review Iminodibenzyl class antipsychotics are structurally related to both tricyclic antidepressants such as imipramine, and butyrophenones such as haloperidol. 4 Although carpipramine is available in both Japan and France, clocapramine and mosapramine are only available in Japan. However, iminodibenzyl antipsychotics are not available in the United States. According to an in vivo study that evaluated the binding profile of clocapramine to striatal dopamine D 2 receptors and frontal serotonin (5-HT 2 ) receptors in a rat brain, clocapramine and mosapramine exhibited potency in occupying the D 2 receptors and 5-HT 2 receptors. 1 On the basis of this evidence, clocapramine and mosapramine are classified as second-generation antipsychotics (SGAs). However, the D 2 receptor/5-HT 2 receptor occupancy ratios of clocapramine (3) and of mosapramine (7.4) were similar to those of chlorpromazine (4.6) and of zotepin (4.3), but lower than the ratio of clozapine (49). 1 Mosapramine was selected as a comparator in the three clinical Phase III trials of aripiprazole, quetiapine, and perospirone for the treatment of schizophrenia in Japan. [5] [6] [7] Carpipramine is also classified as an SGA because it was reported to exhibit a D 2 receptor/5-HT 2 receptor antagonist effect. 1 However, the D 2 receptor/5-HT 2 receptor occupancy ratio is perhaps not relevant to the classification of SGA. This systematic review and meta-analysis aimed to elucidate the clinical and pharmacological characteristics of carpipramine, clocapramine, and mosapramine, such as efficacy, effectiveness, safety, and tolerability, in patients with schizophrenia.
Methods
This meta-analysis was performed according to the guidelines of Preferred Reporting Items for Systematic reviews and Meta-analyses (PRISMA) 2009 (Supplementary material 1). 8 We performed a systematic literature review according to the Patient Intervention Comparator Outcome strategy (patients: schizophrenia; intervention: carpipramine, clocapramine, or mosapramine; comparator: other antipsychotics; and outcome: efficacy and safety).
inclusion criteria, search strategies, and data extraction Eligibility for the study was based on the following inclusion criteria: 1) randomized controlled trials (RCTs) comparing the iminodibenzyl class of antipsychotics (carpipramine, clocapramine, and mosapramine) with other antipsychotics; 2) diagnosis of schizophrenia spectrum disorders, including schizophrenia and schizoaffective disorder; and 3) study duration of 8 weeks. To identify the relevant studies, we searched PubMed, the Cochrane Library databases, PsycINFO, CiNii, and Japan Medical Abstracts Society citations that had been published up to August 29, 2014 (in English or in Japanese) by using the following keywords: ("carpipramine" OR "clocapramine" OR "mosapramine") AND "schizophrenia". In addition, we used the drug package insert in each antipsychotic (carpipramine, http://di.mt-pharma.co.jp/file/if/f_def.pdf; clocapramine, http://di.mt-pharma.co.jp/file/if/f_clo.pdf; and mosapramine, http://di.mt-pharma.co.jp/file/dc/cre.pdf). Moreover, we consulted with Mitsubishi Tanabe Pharma, which manufactures and sells these three antipsychotic drugs, in regard to the clinical Phase III trials for these drugs. Three authors (Taro Kishi, Shinji Matsunaga, and Yuki Matsuda) scrutinized the inclusion and exclusion criteria of the identified studies. The search was further limited to RCTs. The references of the included articles and review articles in this area were searched for citations of additional relevant published and unpublished research. When data required for the meta-analysis were missing, either the first or the corresponding author was contacted for additional information. Three authors (Taro Kishi, Shinji Matsunaga, and Yuki Matsuda) independently extracted, checked, and entered this data into Cochrane Collaboration Review Manager Version 5.2 for Windows (http://tech.cochrane.org/Revman, Cochrane Collaboration, Oxford, UK).
Outcomes and data synthesis
We based the analyses on intention-to-treat or modified intention-to-treat data (such as at least one dose or one follow-up assessment). In order to perform a meta-analysis, we required at least two studies with the same outcome measure. With regard to the carpipramine and clocapramine studies, the response rates were set as the primary outcomes. We pooled the response rates that were defined as very much or much improved according to a global scale. The discontinuation rates due to all causes, inefficacy, and side effects were set as the secondary outcomes. For the mosapramine studies, the change in the Positive and Negative Syndrome Scale (PANSS) 9 scores for total, positive, negative, and general psychopathology symptoms and response rates were set as the primary outcomes, and discontinuation rates due to all causes, inefficacy, side effects, death, and death by suicide were set as the secondary outcomes. We pooled the response rates as defined by the studies included in the metaanalysis (the Final Global Improvement Rating, the Global Comprehensive Judgment, the Global Improved Rating and the Global Judgment). Meta-analyses of individual side effects were also included. For the extrapyramidal side-effect rating scales of mosapramine studies, one of the three studies included in the meta-analysis used the change in the DrugInduced Extrapyramidal Symptom Scale 10 total scores; the scores from that study were the worst scores in our study. One study used the last observational scores of the DrugInduced Extrapyramidal Symptom Scale, while another used the change in the Keio Extrapyramidal Symptoms Rating Scale 11 scores during the study.
statistical analysis
The meta-analysis was performed by using Review Manager software. To combine studies, the random effects model by DerSimonian and Laird, 12 which is the most conservative, was used in all cases because the populations with these diseases tended to be heterogeneous and could generate effect size differences. For continuous data, standardized mean differences (SMDs) that combined the effect size data (Hedges' g) were used. For dichotomous data, the odds ratio (OR) for each set of data was estimated along with the 95% confidence interval (CI). In this study, if the random effects model showed significant differences among groups, the number needed to harm (NNH) was calculated. Then, the NNH values were derived from the risk differences (RD) by using the following formula:
with the 95% CIs of NNH being the inverse of the upper and lower limits of the 95% CI of the RD. We explored study heterogeneity by using the I 2 statistics and considering values of 50% to reflect considerable heterogeneity. 13 In cases of I 2 values that were 50% for the primary outcomes, we planned to conduct sensitivity analyses to determine the reasons for the heterogeneity. However, we did not detect significant heterogeneities in any of the primary outcomes in the meta-analyses of carpipramine, clocapramine, and mosapramine.
Results
With regard to the results of the literature search, we showed a PRISMA flow chart for each antipsychotic drug (Supplementary material 2). We included four RCTs [14] [15] [16] [17] in the meta-analysis for carpipramine, six [18] [19] [20] [21] [22] [23] for clocapramine, and five [5] [6] [7] 18, 24 for mosapramine (Table 1 ). Other than the Yamagami et al study, 20 all of the studies had relatively high methodological quality according to the Cochrane Risk of Bias Criteria because these studies were double-blind RCTs and had mentioned the required details of the study design. The Yamagami et al study, 20 however, was a single-blind RCT (Supplementary material 3) . The characteristics of the included studies are shown in Table 1 .
The results of meta-analysis of carpipramine rcTs All comparators of RCTs that were included in the metaanalysis of carpipramine were first-generation antipsychotics (FGAs) (clofluperol, oxypertine, penfluridol, and pimozide). In the comparisons of carpipramine with the other pooled or individual antipsychotics, there were no significant differences between the treatment groups in response rates, discontinuation rates, or individual side effects other than fatigue ( Table 2 ; Supplementary material 4.1). Carpipramine was associated with less fatigue than oxypertine (OR=0.11; NNH=5; Table 2 ; Supplementary material 4.1).
The results of meta-analysis of clocapramine rcTs
The comparators in the meta-analysis of clocapramine RCTs were FGAs (bromperidol, haloperidol, perphenazine, and sulpride) and SGAs (mosapramine and risperidone). Clocapramine did not differ from other pooled antipsychotics in response rates or discontinuation rates, although there were differences in the incidences of headaches and decreased appetite ( Table 3 ; Supplementary material 4.2). In individual antipsychotic comparisons, clocapramine was associated with a lower incidence of tremors than mosapramine (OR=0.34; NNH=7), with lower incidences of nausea and vomiting than perphenazine (OR=0.38; NNH=25), and with a lower incidence of decreased appetite than haloperidol (OR=0.35; NNH=7; Table 3 ; Supplementary material 4.2).
The results of meta-analysis of mosapramine rcTs
The comparators in the meta-analysis of mosapramine RCTs were an FGA (haloperidol) and several SGAs (aripiprazole, clocapramine, perospirone, and quetiapine). All of the comparators that were included in the meta-analysis of PANSS scores were aripiprazole, perospirone, and quetiapine. Mosapramine was superior to the other pooled antipsychotics in regard to the PANSS positive subscale scores (SMD=-0.22); however, on the PANSS, there were no significant differences in total scores, negative general subscale scores, response rates, or discontinuation rates between mosapramine and the other pooled antipsychotics ( material 4.3) . Patients on mosapramine also exhibited higher extrapyramidal symptom scale scores (SMD=0.73), blood prolactin levels (SMD=1.27), and total blood cholesterol levels (SMD=0.38) than did patients on aripiprazole (Supplementary material 4.3) . However, mosapramine was associated with a lower incidence of weight loss than aripiprazole (OR=0.35; NNH=8; Supplementary material 4.3). Mosapramine was also associated with higher blood prolactin levels than perospirone (SMD=0.72), with a greater incidence of tremors than clocapramine (OR=2.97; NNH=7), and with a greater incidence of constipation than haloperidol (OR=3.79; NNH=14; Supplementary material 4.3). Moreover, compared with quetiapine, mosapramine was associated with greater incidences of akathisia (OR=2.41; NNH=9), akinesia/bradykinesia (OR=4.26; NNH=6), tremors 
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iminodibenzyl antipsychotics for schizophrenia (OR=3.25; NNH=6), rigidity (OR=7.75; NNH=6), occurrence of at least one extrapyramidal symptom (OR=3.67; NNH=3), disturbance of gait (OR=6.77; NNH=9), disturbance of speech (OR=6.27; NNH=7), disturbance in swallowing (OR=4.89; NNH=13), increased salivation (OR=30.6; NNH=4), and anticholinergic drug use (OR=3.65; NNH=3) (Supplementary material 4.3) . Comparisons between quetiapine and mosapramine also showed that mosapramine was associated with higher extrapyramidal symptoms scale scores (SMD=0.33) and higher blood prolactin levels (SMD=1.32). (Supplementary material 4.3) . However, although we performed a meta-analysis of other side effects, mosapramine did not outperform other antipsychotics in terms of alleviating these adverse effects in either the pooled or the individual analysis (Table 4 ; Supplementary material 4.3).
Discussion
To our knowledge, this is the first meta-analysis of RCTs focusing on the efficacy and tolerability of iminodibenzyl class antipsychotic treatment (carpipramine, clocapramine, and mosapramine) for patients with schizophrenia.
In the meta-analysis of carpipramine RCTs, all comparators were FGAs (clofluperol, oxypertine, penfluridol, and pimozide). With regard to the clocapramine RCTs included in the meta-analysis, bromperidol, haloperidol, mosapramine, perphenazine, risperidone, and sulpride were all selected as comparators. Although there were no significant differences in any of the efficacy and safety outcomes between clocapramine and the other pooled antipsychotics, clocapramine was marginally inferior to the pooled SGAs (mosapramine and risperisone) in the subgroup analysis (OR=1.51; P=0.06). According to the current meta-analysis and previous metaanalyses, mosapramine and risperisone were associated with greater incidences of extrapyramidal symptoms and hyperprolactinemia than other antipsychotics. 25, 26 Because carpipramine and clocapramine did not outperform other pooled antipsychotics in regard to the incidences of extrapyramidal symptoms and hyperprolactinemia, they were considered to be pharmacologically similar to FGAs.
Because mosapramine was selected as a comparator in the clinical Phase III trials of aripiprazole, perospirone, and quetiapine in Japan, the clinical and pharmacological characteristics of morepramine revealed by the meta-analysis of this antipsychotic are significant. Mosapramine was more efficacious for positive symptoms compared with the other pooled antipsychotics (aripiprazole, perospirone, and quetiapine), as revealed by the analysis of the combined data from the RCTs of these three SGA comparators. Moreover, mosapramine There are several limitations to our findings. First, as discussed previously in this article, the limitation of this study was the paucity of included studies and the small sample size. Second, although we aggregated data from studies of each iminodibenzyl class antipsychotic to obtain greater statistical power and overcome the limitation of sample size, the comparators do have several differences in their pharmacological profiles. The third limitation was that our study had several differences in patient populations (ie, some were inpatients and some were outpatients). Moreover, although all studies were clinical Phase III trials in Japan, most studies included in the meta-analysis used additional antipsychotics during the trial, which could confound the results of their meta-analyses (Table 1) . Finally, all studies included in our meta-analysis had short trial durations ranging from 8-12 weeks. Because the objectives of adjuvant therapy are to gain further efficacy in the reduction of symptoms and to maintain adherence to the concurrent main antipsychotic, further research will be required to elucidate the long-term efficacy and tolerability of iminodibenzyl class antipsychotics in patients with schizophrenia.
Conclusion
In conclusion, our results suggest that the pharmacological profiles of carpipramine and clocapramine, which are classified as SGAs, were similar to those of FGAs because there were no significant differences in efficacy and safety outcomes. However, mosapramine was associated with higher risks of extrapyramidal symptoms and hyperprolactinemia than the other SGAs, although this drug may be beneficial for the improvement of positive symptoms.
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